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論 文 要 旨 
 
Oceanic low-level clouds play a key role in modulating the Earth’s radiation budget, which 
generally have strong cooling effect due to their large albedo and warm cloud top temperature. 
Variability of the low-level cloud interacts strongly with the sea surface temperature (SST) via 
two-way physical processes between them. Through the stratification process of the atmospheric 
boundary layer, decreasing SST promotes the low-level cloud formation, which promotes cooling of 
the sea surface itself by more reflection of the solar radiation by the low-level cloud. As a result, a 
positive feedback exists between the radiative impact of the low-level cloud and SST, especially in 
summertime North Pacific (NP). Main problem about the relationship is “a dependence on 
timescale for a key trigger of the positive feedback loop, particularly for the role of SST”. Thus, we 
investigated the causal relationship between the low-level cloud properties and SST on various 
timescales based on the observational data analysis and numerical experiments using atmospheric 
regional model. We mainly focused on three timescales; 1) synoptic, 2) intra-seasonal, and 3) 
inter-annual. The goal of this study is to advance our understanding of the two-way processes and 
its timescale dependence in summertime NP. 
First, we investigated the two-way physical processes on an intra-seasonal timescale in 
summertime (June to October) North Pacific (165-175˚E and 30-40˚N) based on satellite 
observational and reanalysis datasets from 2003 to 2016. The intra-seasonal timescale (20-100 
days) is dominant not only for the low-level cloud cover (LCC), but also for LCC controlling factors 
such as SST, estimated inversion strength (EIS), and horizontal temperature advection (Tadv). 
Thus, there is a possibility of the two-way process between LCC and SST on this timescale. To 
reveal the detailed lead-lag relationship among these variables, we conducted phase composite 
analysis with a bandpass filter based on the intra-seasonal variability of LCC. The composite 
analysis suggests that intra-seasonal variability of LCC precedes to that of SST, and that horizontal 
dry-cold advection from the poleward region is a trigger for increasing LCC and decreasing SST. 
The increase of LCC anomaly corresponds to a positive relative humidity anomaly which is due to 
the decreasing saturated water vapor pressure by anomalous cold temperature advection within the 
boundary layer. Heat budget analysis of the ocean mixed-layer suggests that the horizontal dry-cold 
advection cools SST not only by enhancing latent heat release but also by decreasing downward 
shortwave radiation at the sea surface through a positive LCC anomaly. Determining the detailed 
lead-lag relationship between LCC and its controlling factors is an effective approach to understand 
the mechanisms of both low-level cloud evolution and air–sea interaction. 
Second, we investigated the active role of the SST front in modulating oceanic low-level 
cloud properties in the Oyashio Extension during summertime based on a Weather Research and 
Forecasting numerical simulation. It is known that the SST front in wintertime modulate the 
atmospheric variability in the mid-latitudes, but it is not known whether the SST front in 
summertime does. To reveal the impact of SST anomaly associated with the front on the low-level 
cloud, we conducted two experiments with different bottom boundary conditions. The first was 
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constrained by 0.25° daily SST data from July to August 2016 (CTL experiment) and the second by 
spatially smoothed SST without SST frontal characteristics in the same period (SMO experiment). 
The period-mean cloud water mixing ratio of marine fog near the sea surface in the CTL experiment 
was larger than that in the SMO experiment by 20%–40% on the northern flank of the SST front. 
This result indicated that the SST front affected the mean-state of the low-level cloud properties. 
The SST front also affected the synoptic variability of low-level cloud, and the magnitude of the 
effect depended on the meridional wind across the SST front. We found two competing physical 
processes modulating the marine fog properties around the SST front. First, a local cold SST 
anomaly on the northern flank reduced the saturated water vapor pressure near the surface, which 
are favorable for the marine fog formation (SST anomaly effect). Second, horizontal temperature 
advection from the warm to cold flanks of the SST front suppressed the marine fog formation, and 
the suppression was effective when the horizontal gradient of SST anomaly was large (SST frontal 
effect). Thus, the overall impact of the SST front on the marine fog properties depended on the local 
SST anomaly, the meridional wind across the front position, and the horizontal gradient of SST. Our 
results indicated the importance of SST frontal characteristics in summertime Oyashio Extension 
for the marine fog formation. 
Finally, we investigated the active role of the variation of the summertime Oyashio 
Extension SST front in modulating low-level cloud properties (LCC, cloud optical thickness [COT], 
and shortwave cloud radiative effect [SWCRE]) on an inter-annual timescale, based on various 
observational datasets during 2003–2016. First, we examined the mechanism of summertime SST 
front variability. The strength of the SST front (SSSTF), defined as the maximum horizontal gradient 
of SST, has clear inter-annual variations. Frontogenesis equation analysis and regression analysis 
for oceanic subsurface temperature indicated that the inter-annual variation of the summertime 
SSSTF in the western North Pacific is strongly related to variabilities in the Kuroshio and Oyashio 
Extensions but not surface heat flux. The response of low-level cloud to intensified the SSSTF is that 
positive (negative) SWCRE with smaller LCC (larger COT) on the southern (northern) flank of the 
SST front which is induced by warm (cold) SST anomalies. The spatial scale of the low-level cloud 
response was larger than the SST frontal scale (~300 km), and the responses were strongly localized 
over the western boundary currents (i.e., Kuroshio and Oyashio Currents). The SST played the 
largest role in modulating low-level cloud among the controlling factors (i.e., EIS, Tadv) accounting 
for more than 40% of the variation. This implies the presence of active SST role in summertime. 
Using combined datasets, the present study provides observational evidence for the active role of 
summertime SST anomalies in the Oyashio and Kuroshio Extensions. Entire results in the present 



















る大気の加熱との競合が、下層雲の変動に重要であることを明らかにした。第 4 章では、第 3 章
で扱った海面水温前線域における海面水温の下層雲変動に対する積極的な役割の観測的証拠を、
経年スケールの変動に着目して示し、さらに西部と中央部における海面水温-下層雲フィードバッ
クの違いを明らかにした。これらの結果は、短い時間スケールと長い時間スケールの両方におい
て、中緯度夏季の、下層雲と海面水温の間の双方向の物理過程に関する新しい見方と深い理解に
貢献するものといえる。 
 以上，高橋直也は，新規性のあるアプローチにより，観測データと数値シミュレーションを駆
使して，大気と海洋の物理過程を結び付け，夏季の北太平洋における下層雲と海洋の相互作用を
明らかにしたもので，本人が自立して研究活動を行うに必要な高度の研究能力と学識を有するこ
とを示している。したがって，高橋直也提出の博士論文は，博士（理学）の学位論文として合格
と認める。 
 
